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INTRODUCTION

Highly cross-linked polyethylene (HXLPE) has been 
used for over a decade in total hip arthroplasty. 
Indeed, it was demonstrated in the 1980s that the 

wear resistance of polyethylene increased with the level of 
irradiation, causing connections between monomer chains 

using these double vinyl links located at the end of the 
chain.[1]

Irradiation also releases free radicals which increase the risk of 
oxidative degradation. Therefore, irradiated polymers had to 
be subjected to high temperatures (above their melting point) 
to eliminate free radicals. However, the remelted materials 
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also showed a decrease in mechanical fatigue strength. Their 
tensile strength and tensile strength were lower.[2] As a result, 
these polymers were more affected by creep.[3]

At the hip, abrasion is predominant, resulting from contact 
between two congruent spherical surfaces. In vitro wear 
simulation of a highly cross-linked poly showed that 
gravimetric wear was lower than that of a conventional 
poly.[4] Clinical results confirmed a significant decrease in 
long-term wear.[5]

At the knee level, data are rare, and the advantage of HXLPE 
inserts remains hypothetical because the stress regimen and 
wear mechanism are different. The HXLPE was suspected 
of not resisting shear stresses and compression peaks, 
resulting from two incongruent surfaces sliding over each 
other. There were fears of rapid deterioration or breakage 
of the insert, especially with the thinner inserts. However, 
Muratoglu et al.[6,7] showed that in vitro tests on posterior 
cruciate retaining prostheses produced less adhesion and 
abrasive wear using aged HXLPE. Iwakiri et al.[8] found 
smaller and fewer particles in the synovial fluid of knee 
joints implanted with HXLPE at the early stage after surgery. 
On the contrary, Hinarejo et al.[9] found no significant 
difference in the number of particles in the synovial fluid of 
joints implanted with HXLPE compared to those implanted 
with conventional polyethylene.

Clinical trials[5] report results, to date, in the medium 
term. Using a moderately XLPE (subjected to 6.5 Mrad), 
Lachiewicz and Soileau[10] produced the 4.5-year results of a 
randomized comparison with conventional polyethylene and 
found no advantage but also no disadvantage in the use of 
HXLPE. Hodrick et al.[11] also failed to show a difference 
in survival between HXLPE (irradiated at 9.5 doses and 
remelted) and conventional polyethylene in a 5–7 years’ 
retrospective survey.

Two senior authors have used this polyethylene with the same 
prosthesis (Natural Knee, Zimmer, Indiana) since 2003. Two 
other senior surgeons from the same institution performed 
several knee replacements during the same period with the 
same implant using conventional polyethylene (sterilized in 
an inert atmosphere under 2.2 Mrad gamma irradiation). The 
first 100 patients operated with HXLPE were compared to a 
group of patients implanted with conventional polyethylene 
during the same period. A 10-year retrospective comparison 
of results was undertaken.

Our assumption was that the use of HXLPE would 
not compromise 10-year results compared to standard 
polyethylene. We asked whether:
1.	 Survival in the two patient groups was different.
2.	 Radiographic and clinical results were similar.

METHODS

A retrospective comparison of 147 consecutive patients, 
who underwent total primary knee arthroplasty in the same 
establishment during 2003–2004 by 3 senior surgeons, using 
the ultracongruent NK2 prosthesis with fixed inserts of 
different types, was undertaken. The operations were carried 
out with conventional instruments using the measured gap 
resection technique. 97 patients were operated on by two 
surgeons using Durasul inserts (irradiated with 9.5 Mrad and 
subsequent melting and sterilized with ethylene dioxide), 
while the remaining 50 patients were operated on by a 
third and fourth surgeons using conventional polyethylene 
(irradiated with 2.5 Mrad in an inert atmosphere). The age, 
sex, and bone mass index (BMI) of the two populations were 
not significantly different [Table 1].

There were some differences in the surgical techniques 
because 48% of the tibial baseplate in Group 2 were fixed 
using additional screws whereas there was none in Group1 
[Table 2]. The most frequent insert thickness was 9 mm in 
both groups, but the use of thicker inserts was more frequent 
in Group 1 (47% vs. 14% in Group 2; P < 0.001).

The patella was resurfaced selectively, in those patients 
complaining primarily of pre-operative patellar pain 
syndrome. Thus, 75 patients had their patella resurfaced in 
Group 1, while there were only 24 in Group 2 (P = 0.003).

Patients who had not passed their 10-year clinical examination 
were recalled and scheduled for clinical examination and 
guided fluoroscopic X-rays (standard X-rays, side views, 
AP, and skyline). 64 patients from Group 1 and 30 patients 
from Group 2 were examined with a follow-up of more than 
10 years. Seventeen of Groups 1 and 12 in Group 2 died 

Table 1: Demographic characteristics
Patient’s 
description

HXLPE (n=97) Standard (n=50) P value

Sex ratio  
(male/female)

0.64 0.85 0.43

Age (years) 70 72 0.27

BMI 29.5 29.6 0.98

HKA 
preoperative (°)

176 177 0.47

Etiology 0.77

Primary 
osteoarthritis

87 46

Post‑traumatic 3 2

Rheumatoid 6 2

AVN 1 0
HKA: Hip knee ankle angle, BMI: Bone mass index, 
AVN: Avascular necrosis
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before the 10th post-operative year. Five and 14 patients, 
respectively, were lost [Table 3].

Functional and radiographic results were compared in terms of 
survival, clinical outcomes (International Knee Society [IKS];[12] 
Knee Injury and Osteoarthritis Outcome Score [KOOS] score;[13] 
and manual measurement of active bending amplitude), and 
osteolysis. The AP and X-ray-guided side views were examined 
in the Ewald[14] femoral zones and 3 and 5-tibial areas of the 
fixation interface (around the stem). The main criterion was 
survival, endpoint revision for any cause, or pending revision 
(radiographic loosening not revised at review date).

We calculated that the search for a 5% decrease in the number 
of Group 2 survivors compared to Group 1 would require at 
least 36 patients in each group, for an alpha risk of 0.05 and 
a power of 80%.

We compared continuous variables between the two groups 
using t-tests and categorical variables with Chi-square tests. 
Time to revision for wear, which was the primary outcome, 
was analyzed using a log-rank test with survival probabilities 
displayed using a Kaplan–Meier plot. All statistical tests were 
for a two-sided comparison with significance set at P < 0.05.

RESULTS

The 10-year survival rates, including revision for any cause 
or pending revision, were 97 ± 3 and 91 ± 10%, respectively 
(P = 0.19). There was no revision due to wear and/or aseptic 
loosening. Two patients in Group 1 were reviewed due to 
instability and knee stiffness, respectively, and three patients 
in Group 2 were reviewed due to infection, instability, and 
patellar pain.

Otherwise, the IKS scores, KOOS scores, and mobility 
ranges were not significantly different (P-values of 0.6, 0.7, 
and 0.7, respectively) [Table 4]. None of the radiographs of 
the two groups showed osteolysis or widening radiolucencies 
[Figures 1 and 2].

DISCUSSION

While the results of total knee arthroplasty using HXLPE 
were, to date, only described at mid-point, here we present 
the results of a 10-year monocentric retrospective study and 
found that the use of HXLPE did not compromise survival or 
radiographic and clinical outcomes.

This study has limitations. (1) There was no randomization. 
Although the two groups were comparable for age and BMI, 
there were more women in Group 2, but there is still no 
evidence that gender would influence the occurrence of wear. 
(2) Four senior surgeons were involved, but they were trained 
for knee surgery and used the same implantation technique. 
However, several Group 2 tibial base plates were fixed with 
additional screws, which may have contributed to backside 
wear. (3) No tomodensitometry (TDM) was performed 
to detect osteolysis. It may, therefore, be underestimated. 
(4) No attempt was made to measure wear accurately. It 
is not possible to obtain accurate and reproducible wear 
measurements on standard radiographs. It has been shown 
that wear assessment would be possible if the inserts were 
provided with tantalum markers, which would allow 

Table 2: Variations in the surgical technique
Surgical 
technique

HXLPE (n=97) Standard (n=50) P value

Fixation of the 
tibial baseplate 
using screws

0 24 <0.0001

Patellar 
resurfacing

75 24 0.0003

Insert thickness <0.0001

9 mm 49 43

11 mm 27 5

13 mm 16 2

16 mm 5

Table 3: Follow‑up and causes for revisions
Patient’s status at final review HXLPE Standard P value
Follow‑up for those patients reviewed after 10 years 11±0.5 (10.5–12.5) 11±0.5 (10.5–12.4) 0.6

Deceased (%) 17 (17) 12 (24) 0.3

Lost (%) 14 (14) 5 (11) 0.9

Survival (%) 97±3 91±10 0.2

Revision 2 3 0.3

Infection 1 (9 months)

Instability 1 (36 months) 1 (12 months)

Stiffness 1 (38 months)

Patellar pain 1 (70 months)
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incidence control.[15] It is regrettable that manufacturers who 
propose a new material for clinical use do not also provide 

the means to adjust the radiographic incidence, which would 
allow faster detection of abnormal deterioration of the inserts. 
(5) Several patients were lost due to the retrospective nature 
of this evaluation, which weakens the demonstration. (6) The 
thickness of the insert is a major parameter influencing the 
deterioration of the insert. Pijls et al.[16] showed that inserts 
smaller than 8 mm were not suitable for use. In the present 
study, only 53% of the HXLPE inserts were of the thinnest 
thickness (9 mm), while there were 86% on the conventional 
poly group, which may have favored the latter.

However, this is the first long-term monocentric evaluation 
of HXLPE in the knee. Hodrick et al.[11] reported results over 
5–7 years of total knee replacement using the same implant 
and HXLPE. Although they did not provide information on the 
thickness of the insert, they came to similar conclusions in terms 
of survivors. They observed that radiolucencies were more 
frequent in the group of patients implanted with conventional 
polyethylene. Three revisions were required in the conventional 
poly group, while there were none in the XPLE group.

These studies may lack the power to achieve significance 
when comparing survivals. De Steiger et al.[17] concluded 
from a registry study of over 380,000 implants with follow-up 
of more than 5 years that the use of XLPE would decrease the 
10-year revision rate from 5.8 to 3.5, particularly in those 
knees implanted with NK2 prostheses. In fact, looking for a 
2%-difference between survival rates of 2 groups of patients  
requires at least 580 individuals in each group to reach a 
80%-power. However, register studies may ignore other 
parameters such as shelf aging or other technical parameters 
that also influence wear resistance.

The tolerance to HXLPE may vary depending on the design of 
the insert. With postero-substituting devices, fractures of the 
post-cam have been described.[18] However, this was not the 
case in Kim and Park’s series,[19] which also tested postero-
substituted inserts in bilaterally operated patients. They found 
no post-cam fracture or osteolysis on either side at 5.9 years 
of average follow-up. In the case of posterior cruciate-
retaining implants, Kim et al.[20] found no difference between 
the right and left sides of patients implanted bilaterally 
with HXLPE on one side and moderately cross-linked poly 
on the other side. The superiority of HXLPE is generally 
reported in series of patients implanted with ultracongruent 
implants. However, with this design, wear may be related 
to the surgical technique, in particular to residual laxity, 
producing a paradoxical forward rolling and subsequent 
delamination, as reported in a recent series showing 20% 
osteolysis at 7 years.[21] Therefore, it is difficult to compare 
different groups of patients who were not operated on by the 
same surgeon with the variable quality of polyethylene, as 
a substantial difference in residual anterior-posterior laxity 
may persist due to subtle interindividual variations in the 
assessment of ligament tension.[21]

Table 4: 10‑year clinical and radiographic results
10-year 
results

HXLPE (n=64) Standard (n=30) P value

IKS 138.8±14.3 135.9±28.4 0.51

KOOS 54.2±16.3 52.7±13.3 0.67

Flexion 
range (°)

110±9 109.1±19.8 0.69

Radiolucencies 
at the stem

0 0

Osteolysis 0 0
IKS: International knee society, KOOS: Knee injury and 
osteoarthritis outcome score

Figure 1: 11-year radiographic result of a 75-year-old patient 
of Group 1, showing no osteolysis and no radiolucency. 
The patient reported an 80% knee injury and osteoarthritis 
outcome score

Figure 2: 11-year radiographic result of a 65-year-old patient 
of Group 1, showing no osteolysis and no radiolucency. The 
patient reported a 75% knee injury and osteoarthritis outcome 
score
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The degree of cross-linking can also have an influence. In 
their registry study, de Steiger et al.[17] found a significant 
improvement in HXLPE implant survival if it was a highly 
irradiated and remelted insert. On the contrary, implants with 
a moderate level of cross-linking that had been annealed 
gave the same survival as those involving conventional 
poly. Meneghini et al.[21] failed to show any difference with 
conventional poly in 60 patients when using annealed XLPE 
after 5 years of use. Kindsfater et al.[22] reported the same 
results over 5 years using a moderately cross-linked poly in 
a randomized study involving groups of over 400 patients.

In conclusion, our 10-year study showed the absence of wear-
related revisions using remelted HXLPE inserts including 
the thinnest ones. As far as the incidence of osteolysis is 
concerned, only powerful investigations involving hundreds 
of patients can demonstrate a positive effect. As with the 
hip, systematic, accurate, and successive measurements of 
medial and lateral tibial femoral width on AP fluoroscopic 
guided incidences would allow the in vivo wear rate to be 
calculated and the potential durability of HXLPE implants to 
be extrapolated.
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